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Abstract 
The heat storage by absorption process that is studied in the paper is devoted to building heating. A prototype has 
been built and tested in static and dynamic operating conditions that are compatible with domestic solar thermal 
collectors. The charging process has been proved successful. Absorption during the discharging phase is also verified. 
However, some problems related to the heat exchanger design have not allowed to observe the heat release as 
expected. 
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1. Introduction and operating principle 
Energy storage is a key component for the efficiency of energy systems, especially when the energy 
source is intermittent, such as solar energy. Heat storage systems based on sorption processes are relevant 
for a long-term storage because of their acceptable heat losses and high energy density. This type of 
storage process has generated a lot of interest in the past decade but there is no mature long-term sorption 
heat storage yet [1]. The aim of this work is to demonstrate the feasibility of a long term solar thermal 
storage by absorption for building space heating. Solar heat is stored in summer using desorption process 
and released in winter via absorption (Fig.1). 
A multicriteria analysis on various possible absorption couples [2] led to the choice of LiBr-H2O as the 
storage media for the concept feasibility demonstration. It has been shown that crystallisation in the 
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solution storage tank can increase the storage density by three times and therefore, is relevant for the 
process competitiveness [3]. 
 
Nomenclature 
HTF       heat transfer fluid 
m           mass flow rate 
Re  Reynolds number 
T temperature  
v            volume flow rate 
x            mass fraction of lithium bromide in the solution 
Greek symbols 
α            equilibrium factor 
Γ            the mass flow rate per wetted perimeter 
μ            dynamic viscosity 
Subscript 
2            desorber or absorber 
eq          thermodynamic equilibrium conditions 
g            generator (desorber/absorber) heat transfer fluid 
i             inlet 
o            outlet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Absorption storage system principle 
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2. Prototype design 
A prototype has been designed and built (Fig. 2) to demonstrate the concept feasibility. It can store 
8 kWh of heat and can provide a heating power of 1 kW to a heating floor around 30°C. The prototype 
has been optimized, in order to minimize the number of components of the system. The four heat 
exchangers have been combined into two reversible falling-film exchangers situated inside the same shell 
(the reactor). The first heat exchanger operates as a desorber in the charging period and as an absorber in 
the discharging phase. Similarly, the second heat exchanger operates as a condenser in the charging mode 
and evaporator in the discharging period. The prototype has been strongly instrumented, to be able to 
measure temperatures, pressures, mass and volume flows (and thus mass fractions of the solution) and 
liquid levels inside the system components. Each heat exchanger is connected to a thermal module that 
can provide the required flow rate and temperature. For example, the connected module to the desorber 
represents the solar collectors during the charging tests and the building during the discharging tests. The 
module that is connected to the condenser/evaporator simulates a geothermal well. Two other modules 
keep the storage tanks in constant surrounding temperature conditions. The solution tank contains 46 kg of 
anhydrous LiBr and its useful volume is 60 l (90 kg of LiBr aqueous solution when the solution tank is 
full). 
3. Experimental tests 
The prototype has been tested in static and dynamic operating conditions that are compatible with 
domestic solar thermal plants. For the static charging tests, five parameters (Table 1) have been selected to 
design a fractional experimental plan. The six selected parameters in the discharging tests are presented in 
Table 2. The interest of using experimental designs lies in the fact that they allow the study of several 
parameters with a reduced number of tests while providing maximum information [4, 5]. However, due to 
some constraints, the tests have not been performed with the same initial conditions (in particular the 
solution concentration and temperature in the solution storage tank). This makes it somewhat irrelevant 
the use of experimental design for exploitation of the results.  
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Fig. 2. Experimental set-up (before insulation)  
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Table 1. Experimental plan parameters values (charging tests) 
Parameter Min Max 
Solution flow rate in the desorber [lˑh-1] 
Heat transfer fluid flow rate in the desorber [lˑh-1] 
Heat transfer fluid flow rate in the condenser [lˑh-1] 
Inlet temperature heat transfer fluid in the desorber [°C] 
21.6 
360 
360 
75 
43.2 
720 
720 
90 
Inlet temperature heat transfer fluid in the condenser [°C] 10 20 
Table 2. Experimental plan parameters values (discharging tests) 
Parameter Min Max 
Solution flow rate in the absorber [lˑh-1] 
Absorbate (water) flow rate in the evaporator [lˑh-1] 
Heat transfer fluid flow rate in the absorber [lˑh-1] 
Heat transfer fluid flow rate in the evaporator [lˑh-1] 
Inlet temperature heat transfer fluid in the absorber [°C] 
21.6 
21.6 
360 
360 
22 
43.2 
43.2 
720 
720 
26 
Inlet temperature heat transfer fluid in the evaporator [°C] 15 20 
4. Results and discussion 
4.1. Summary and comparison of different tests in the charging mode 
The main results in the charging mode are summarized in Table 3. The tests are presented in 
chronological order with dates. A test may be influenced by tests that precede it because there was not 
always sufficient period of rest between tests. The most important responses (measured quantities during 
the test) that we consider are the amount of desorbed water during the test, the average heat transfer in the 
desorber and its equilibrium factor. The amount of desorbed water is an indicator of the amount of stored 
energy: it is the most important response. The heat exchanger performance analysis is also important 
because it affects a lot the process storage density [3]. The equilibrium factor indicates the mass transfer 
effectiveness in the reactor [3]. It is defined as the ratio of the actual change in concentration of the 
solution to the maximum possible change that could be obtained with an infinitely long plate (1): 
 
oeqxix
oxix
22
22


 D                                                                                                                                 (1) 
4.1.1. The mass of water desorbed 
The mass of desorbed water uncertainty is about ± 0.5 kg, which is relatively large for some tests 
(Table 3). However, the results indicate that the mass of desorbed water is more sensitive to condenser 
temperature and the solution flow rate. Indeed, the mass rate of desorbed water increases when: 
x  the solution flow rate increases (43.2 instead of 21.6 lˑh-1) because the heat transfer coefficient 
increases in the desorber; 
x the inlet temperature of the heat transfer fluid in the condenser decreases (10 instead of 20° C). 
These results are quite consistent with the trends predicted by modelling [3]. However, it is difficult to 
quantify this sensitivity because of the uncertainties inherent in estimating the amount of water. 
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Table 3. Charging tests results 
Test Unit 1 2 17a 18a 3 4 5 6 7 8 19a,b 
Date - 02-Sep 02-Sep 02-Sep 13-Sep 13-Sep 15-Sep 15-Sep 16-Sep 19-Sep 19-Sep 21-Sep 
Start of the test h:min 09:23 13:50 17:50 11:30 14:57 10:43 13:07 09:28 09:50 12:04 10:00 
End of the test h:min 13:30 17:50 19:00 14:39 16:01 13:02 15:33 11:31 11:50 14:07 14:30 
Duration h:min 04:07 04:00 01:10 03:09 01:04 02:19 02:26 02:03 02:00 02:03 04:30 
Solution initial concentration m% 52.2 54.8 56.9 53.3 56.5 53.8 54.9 56.0 54.9 56.3 54.9 
Solution final concentration m% 54.7 56.9 59.5 55.7 57.7 54.9 56.0 57.1 56.3 58.1 57.4 
Desorber inlet HTF 
temperature °C 90.0 90.0 90.0 90.0 89.6 75.0 75.3 88.9 75.0 75.3 - 
Condenser inlet HTF 
temperature °C 20.1 10.1 10.1 30.1 10.1 20.1 20.1 20.1 10.2 10.2 20.1 
Desorber HTF flow rate kg·h-1 360 720 720 720 360 360 720 720 360 720 360 
Condenser HTF flow rate kg·h-1 360 720 720 720 720 720 720 360 360 360 360 
Solution flow rate l·h-1 38.2 38.2 18.3 41.1 24.1 44.5 21.7 22.0 22.7 43.5 22.5 
Mass of desorbed water kg 5.4 4.1 1.3 4.4 2.0 3 2.3 2.2 2.4 3.1 4.0 
Mass rate of desorbed water kg·h-1 1.31 1.02 1.13 1.39 1.89 1.30 0.95 1.01 1.18 1.49 0.89 
Average desorber heat 
transfer coefficient W·°C
-1 78 74 64 138 72 145 81 72 75 126 75 
Average equilibrium factor - 0.46 0.25 0.92 1.00 0.73 0.28 1.25 0.80 0.70 0.35 0.57 
Average exchanged power in 
the desorber kW 2.3 2.2 1.7 3.0 2.2 2.4 1.5 2.0 1.8 2.4 1.6 
Average exchanged power in 
the condenser kW -0.9 -1.1 -1.0 -1.1 -1.5 -0.8 -0.7 -0.8 -0.9 -1.0 -0.7 
Total exchanged energy in 
the desorber kWh 9.5 8.7 1.7 9.4 2.4 5.5 3.6 3.6 3.6 4.9 8.1 
Total exchanged energy in 
the condenser kWh -3.8 -4.2 -0.9 -3.5 -1.6 -1.9 -1.8 -1.6 -1.7 -2.1 -3.2 
 
a Complementary test (not in the experimental design) 
b Dynamic charging test 
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4.1.2. Heat transfer in the desorber 
The flow rate of the solution appears to be the factor that affects the most the heat transfer coefficient 
of the desorber (Fig. 3). 
The heat transfer coefficient of the desorber almost doubles when the solution flow rate is doubled. We 
calculate continuously the average film Reynolds number for each test, using the properties of the 
solution at the desorber inlet temperature. In Fig. 3, it is the average value that is used (2): 
 
                                                                            (2) 
 
 
d is the inner diameter of a tube of the desorber; n is the number of tubes. 
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Fig. 3. Heat transfer coefficient of the desorber as a function of the average solution flow rate (a) and the average Reynolds number 
(charging tests) 
All the values of Reynolds number range from 10 to 40. The flows are therefore laminar: smooth 
laminar flow and wavy laminar flow. The transition Reynolds number between these two flows in vertical 
exchangers is between 20 and 30 according to different studies [6-8]. The wavy laminar regime is the 
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most common in absorption chillers [6] because the occurring of waves enhances the heat and mass 
transfer by promoting the mixing of the film [9]. The selected flow rates for the test lead to Reynolds 
numbers that are on both sides of the transition zone. This can explain the doubling of the heat transfer 
coefficient when the flow rate doubles. Tests n° 1 & 2 are probably in the transition zone, which could 
explain that the associated points differ from the general trend (Fig. 3). 
    Note that the dispersion of the heat transfer coefficient values is partly due to the difficulty to obtain a 
uniform flow of a thin falling film as well as its reproducibility [10] because the distribution of the liquid 
is difficult to implement in the tubes.  
For all tests, the temperature difference between the solution and the heat transfer fluid is large (25-
30°C) compared to the power involved. This indicates that the desorber is undersized (0.05-0.15 kW·°C-1 
instead of 0.4 kW·°C-1 as expected) or that there is a malfunctioning distribution of the solution in the 
heat exchanger tubes due, for example, to a lack of verticality. 
4.1.3. Equilibrium factor 
The solution flow rate has the greatest influence on the equilibrium factor. This factor decreases as the 
solution flow rate increases (Fig. 4). 
This result was to be expected as the solution flow rate increase leads to the film thickness increase in 
the heat exchanger. The diffusion of water within the film to the interface in equilibrium with the vapour 
is therefore slower. The increase of Reynolds number with the flow rate has not improved the equilibrium 
factor. 
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Fig. 4. Evolution of the equilibrium factor as a function of solution flow rate (charging tests) 
4.2. Summary and Comparison of discharge tests 
Table 4 summarises the results observed during the discharge tests. 
4.2.1. Mass of water absorbed 
Although the conclusions on the mass of absorbed water have to be nuanced for several reasons (test 
duration rarely lasted up to 3 hours, differences in initial conditions, low exchanged power, etc.) some 
trends can be observed: 
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Table 4. Discharging tests results summary 
Test Unit 9 10 11 12 13 14 20a 21a 22a 15 16 23b 24b 25b 26a,b 27b 
Date - 13-Sep 
14-
Sep 
14-
Sep 
14-
Sep 
16-
Sep 
16-
Sep 
19-
Sep 
20-
Sep 
20-
Sep 
21-
Sep 
21-
Sep 
22-
Sep 
22-
Sep 
23-
Sep 
23-
Sep 
23-
Sep 
Start of the test h:min 17:45 10:20 13:57 17:35 13:38 16:54 16:49 09:26 15:30 17:02 18:42 14:37 17:27 09:24 13:23 16:02 
End of the test h:min 19:15 13:30 16:40 19:37 16:12 18:56 19:07 12:27 19:18 18:04 19:43 16:45 19:32 11:36 14:58 17:28 
Duration h:min 1.50 3.17 2.72 2.03 2.57 2.03 0.10 0.13 0.16 1.03 1.02 0.09 0.09 0.09 0.07 0.06 
Solution initial 
concentration m% 57.7 57.2 56.1 54.7 57.1 55.5 58.0 57.2 56.7 57.4 56.8 57.6 56.0 55.0 55.0 54.1 
Solution final 
concentration m% 57.1 56.1 54.7 53.9 55.5 54.9 57.2 56.7 55.0 56.8 56.0 56.0 55.0 54.1 53.2 52.7 
Absorber inlet HTF 
temperature °C 26 26.2 22.1 22.1 26.2 22.1 22.2 26.3 26.4 26.2 22 22.1 22.1 26.1 26.2 26.2 
Evaporator inlet 
HTF temperature °C 15 15.1 15.1 15.1 20.1 20.1 15.1 15.1 20.1 20.1 20.1 15.1 15.1 20.1 20.1 20.1 
Absorber HTF flow 
rate kg·h
-1 720 360 720 360 720 360 360 360 360 360 720 720 360 360 360 360 
Evaporator HTF 
flow rate kg·h
-1 360 360 720 720 720 360 720 360 720 720 360 720 720 720 720 720 
Solution flow rate l·h-1 14.3 43.5 42.9 22.6 44.3 44.3 20.3 43.2 43.7 22.2 22.9 42.4 22.1 22.4 22.0 23.5 
Absorbate (water) 
flow rate l·h
-1 47.0 22.4 21.7 42.4 46.2 46.2 44.7 23.0 21.6 21.2 22.6 22.5 46.4 22.6 21.8 21.4 
Mass of absorbed 
water kg -0.8 -1.5 -2.2 -1.1 -2.3 -0.9 -1.0 -0.7 -2.6 -0.9 -1.2 -2.3 -1.4 -1.4 -2.9 -2.3 
Mass rate of 
absorbed water kg·h
-1 -0.53 -0.47 -0.81 -0.54 -0.90 -0.44 -0.43 -0.23 -0.68 -0.87 -1.18 -1.08 -0.67 -0.64 -1.83 -1.60 
Average absorber 
heat transfer 
coefficient 
W·°C-1 271 203 209 263 323 287 320 300 164 148 130 234 253 167 147 160 
Average equilibrium 
factor - 0.44 0.13 0.23 0.29 0.12 0.06 0.20 0.05 0.13 0.46 0.47 0.43 0.69 0.96 1.11 1.06 
Average exchanged 
power in the 
absorber 
kW -0.05 0.07 -0.07 0.00 0.00 -0.03 -0.02 -0.25 0.04 -0.11 -0.19 -0.20 -0.04 0.02 -0.06 -0.06 
Average exchanged 
power in the 
evaporator 
kW 0.25 0.36 0.51 0.34 0.59 0.40 0.31 0.14 0.49 0.59 0.55 0.66 0.40 0.57 0.49 0.46 
Total exchanged 
energy in the 
absorber 
kWh -0.1 0.2 -0.2 0.0 0.0 0.1 0.0 0.7 0.2 -0.1 -0.2 -0.4 -0.1 0.0 -0.1 -0.1 
Total exchanged 
energy in the 
evaporator 
kWh 0.41 1.14 1.38 0.70 1.55 0.81 0.71 0.42 1.85 0.62 0.56 1.40 0.83 1.25 0.78 0.66 
a Absorber co-current operation mode 
b Use of the 2-ethyl-1-hexanol (additive) 
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x  when the temperature of the heat source in the evaporator or the temperature of the heat sink in the 
absorber decreases, the mass of absorbed water as well as the power exchanged in the two heat 
exchangers increase. This result is consistent with basic heat and mass transfer analysis and the 
predictions of process dynamic modelling [3]; 
x  the mass rate of absorbed water increases with the heat sink flow rate in the absorber, or when the 
solution flow rate decreases, in the considered flow rate range; 
x as in the desorber, the change in the solution concentration in the absorber during the tests is relatively 
low (1 to 1.5 m%). Now, the change in concentration is an indicator of the performance of the absorber 
[11] especially for low-capacity absorption machines [9]. 
4.2.2. Heat transfer into the absorber 
During the discharging tests, the exchanged power in the absorber appeared to be very low (Table 4) 
and unusable because of measurement uncertainties. Indeed, the absorber outlet solution is about 30°C to 
40°C during the tests. However, there is no significant change in the heat transfer fluid temperature which 
inlet value range from 22 to 26°C. This problem is a predictable consequence of the low performance of 
the desorber/absorber heat exchanger which has already presented very low heat transfer coefficients in 
the desorption mode. It is well known that heat transfer coefficients in absorption are usually worse than 
in desorption [12, 13]. Another phenomenon that accentuates the problem is related to a reversal of the 
heat transfer direction along the absorber (Fig. 5). Indeed, the temperature of the solution entering the 
absorber is usually lower than that of the heat transfer fluid (the solution tank is cooled to simulate its 
environment temperature) but greater at the absorber outlet if the absorption takes place. Therefore, in 
countercurrent operating mode for example, the solution receives heat from the heat transfer fluid when 
entering the heat exchanger. Thanks to the heat of absorption, its temperature increases and it can then 
transfer heat to the heat transfer fluid. 
T2i
Temperature
Distance along the heat exchanger
Tgo
T2o
TgiSwitch in the direction 
of the heat transfer
 
Fig. 5. Temperatures evolution along the absorber length in countercurrent mode 
    Basically, the desorber/absorber heat exchanger has been operated in countercurrent mode. The 
resumption of some tests in absorber co-current operating mode (Table 4) has not allowed any 
improvement of the overall heat transfer. 
    A small amount of 2-ethyl-1-hexanol (2EH) in the aqueous solution of LiBr is known to improve heat 
and mass transfer in absorbers [14]. This additive has been added to the solution in the solution storage 
tank (100-200 ppm) for a series of tests. A slight increase in water intake (20%) has been observed, 
compared to tests without additive. The equilibrium factor average value has increased significantly from 
0.23 (tests without additive) to 0.85. However, there was no improvement on the overall heat exchange 
with the heat transfer fluid. 
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4.2.3. Equilibrium factor 
The equilibrium factor varies from 0.05 to 0.47 (average 0.23) for tests without additives (Table 4). It 
is mainly influenced by the solution flow rate: the lower the flow rate, the higher the equilibrium factor. 
After the addition of 2EH, equilibrium factors between 0.43 and 1.11 (0.85 average) has been reached. 
The additive has made it possible to multiply by a factor greater than 3 the equilibrium factor, thus 
improving the mass transfer. 
5. Conclusion 
Absorption solar heat storage is a promising option, especially with crystal. LiBr-H2O is a possible 
candidate but its cost is too expensive. A prototype has been built and tested under conditions compatible 
with a domestic solar power plant: the thermal storage has been proven. Discharging tests under static 
conditions show a heat production and sufficient temperature level for heating purposes using a heating 
floor, with the absorber outlet solution at 30°C or even 40°C. However, the heat transfer to the absorber 
heat transfer fluid (between 22 and 26°C) was not effective because of an inappropriate design of the 
absorber. Another design of the absorber is imagined for future works. Mass transfer aspects also should 
be better taken into account in this new design. The whole prototype will be improved for further tests. 
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